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The following experiments were undertaken to determine 
the effect of light on the decomposition voltage of copper 
sulphate solutions. -1 mercury vapor lamp, enclosed in a 
tube, was placed in the copper sulphate solution between the 
electrodes. By means of a rubber cloth, i t  was possible to 
shield either electrode from the light or both electrodes if 
necessary. An ammeter was placed in series with the electro- 
lytic cell and a voltmeter mas connected to the terminals of 
the cell. This arrangement' does not give the true decompo- 
sition voltage because the voltage drop through the solution 
is included. Since the electrodes were always kept in the 
same position, the error is practically constant throughout 
each series and is negligible, because we were interested in 
the change of roltage produced by turning on the light. From 
the experiments of others i t  seems justifiable to assume that 
light causes no marked change in the conductance of a copper 
sulphate solution except in so far as the heat from the lamp 
may change the temperature of the solution. 
Owing to the relatively high resistance of the solution i t  
was not found practicable to  determine the decomposition 1-olt- 
ages by plotting voltages against current. The error due to  
the personal equation is much too large. It was found better 
to  keep the voltage constant for a while and then to determine 
by inspection whether copper had or had not been precipitated 
at the cathode. 
In Table I are given data for the copper sulphate solution 
in the dark. Graphite electrodes were used, which were 
coated with paraffin except over a small rectangular space. 
The apparent decomposition voltage is very close to 1.40 
volts because a slight deposit of copper is obtained in one 
' The  currcnt flowing through the voltmeter also f low through the am- 
mrter 
experiment and none in the other. 
tinctly above the value, a t  I .30 volts distinctly below it. 
At 1 . 5 0  volts we are dis- 
TABLE I
Surface 
of electrode = I sq. inch. Distance between electrodes = 2 75 
inches. 
Volts I .40 I . j O  I . l o  I .30 
Deposit S O  X‘es Slight ~ S o  
IOO grams CuSO4.gHz0 per liter; graphite electrodes. 
Time of run = 2j minutes 
Amperes 0 010 0,010 0.010 , 0 010 
Temperature 23 O 23 O 23 O 2 3  O 
A run was next made a t  1.3 volts with both electrodes 
exposed to light. A slight deposit of copper was obtained. 
When the anode was screened from light, a slight deposit was 
also obtained. Much to our surprise, a distinctly heavier 
deposit was obtained when the cathode was shaded and the 
anode was exposed to  light. 
Owing to the difficulty in determining the presence of slight 
deposits of copper on the graphite cathode, it was thought 
advisable to substitute a platinum cathode of the same effective 
area as the graphite one, the back and all but about one 
square inch of the face being coated with paraffin. The 
graphite anode was retained. 
In Table I1 are given data obtained under the new condi- 
tions. Under the heading “Light,” C means that the cathode 
was illuminated, A that  the anode was illuminated, and A + C 
that both were illuminated. 
An examination of Table I1 shows that we may ignore the 
temperature fluctuations so far as these measurements are 
concerned. The only place where there is the slightest trace 
of a discrepancy is that, a t  1.3 volts with the cathode illurni- 
nated, we get no deposit a t  25’ and a very slight one at  20’ .  
A precisely similar result was obtained in Table I when there 
was no change in temperature. 
If we study the experiments without light we find that  
there was no deposit of copper a t  1.0 volt and that copper 
was deposited a t  1 . 2  volts, a t  1.3 volts and a t  2 . 0  volts. The 
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decomposition voltage, as thus measured, is therefore a t  least 
as low as 1 . 2  volts. Later experiments indicate that i t  is 
probably 1.1 volts. Either figure is distinctly lower than 
the value obtained with a graphite cathode. KO experiments 
have been made to determine to what this difference is due. 
TABLE I1 
IOO grams CuS04. jHzO per liter, graphite anode and platinum 
cathode. Surface of electrode = I sq. inch. Distance between 
electrodes = 2 7 j inches. Time of run = I j minutes 
\.(llt5 .\nips Deposit Light Temp 
I O  0 00s K O  S O  2s O 
I 3  0 010 Yes 1- 0 28 
I O  0 00s Te i  x 2s 
I 0 0 o o b  Tc5 28 
I O  0 00s Ye5 -1 25 
I O  0 008 S O  s 0 23 
I O  o 008 s 0 x + c 2 s  
2 0  0 040 Yei s 0 I9 
2 0  0 040 Te  C 2 2  
I 3  0 010 A- 0 C 28 
I 3  0 0 1 0  I-es s o  25 
1 4  0 0 1 2  I-e i C 26 
I O  0 008 Yei *l - 1  
I O  0 008 I-e 5 A 27  
I 2  0 00s I'e s KO 2 7  
1 3  0 010 Slight C 2 0  
~- 
I 0 rj OOS S O  l o  2 0  j 
I O  0 00s so C 2 7  
1 5  0 0 1 j  Yes C 2 2  j 
7- 
TT-hen the anode alone is illuminated, we get a deposit of 
copper a t  1.0 Ti-olt and at  all higher voltages. Therefore we 
conclude that exposing a graphite anode to the light of a 
mercury vapor lamp lowers the decomposition voltage of a 
copper sulphate solution. 
n'hen the cathode is illuminated, there is no deposit a t  
1.0 volt and none, or only a very slight one, a t  1.3 volts. At 
1 . 4  volts we get a distinct deposit of copper. Exposure of a 
platinum cathode to light therefore increases the decomposition 
voltage of a copper sulphate solution. A necessary conse- 
quence of these two experiments is that  a higher voltage will 
be necessary to deposit copper when both electrodes are illurni- 
nated than when the anode alone is. This has been confirmed 
experimentally, for no copper was obtained at  1.0 volt when 
both electrodes were exposed to light. 
The results given in Table I1 are entirely consistent; but 
some later experiments were quite discordant, as may be seen 
from Table 111. 
T.\BLE I11 
IOO grams CuSOA.jH:O per liter; graphite anode and platinum 
cathode. Surface of electrode = I sq. inch. Distance between 
electrodes = 2 75  inches. Time of run = I j  minute5 
I .o 
I . o  
I .o 
1 . 1  
0.8 
0.8 
I . o  
1 . 1  
I . o  
0.9 
.Imps 
0.00s 
0,oos 
0.008 
0.00s 
0.00s 
0.00s 
0,008 
0.008 
0.008 
0.00s 
I k p o i i t  
S O  
Slight 
Slight 
So'  
1- 0
s 0 
S O  
\-e s 
Tes  
L7-eS 
1,ight Temp. 
2 2  O 
2 2  
2 2  
2 2  
2 3  
23 
2 3  
23 
2 5  
2 5  
The last two experiments in Table I1 are quite abnormal 
because copper was deposited in the dark at  1.0 volt and at  
0.9 volt. Three days later copper could be deposited at  
0.7 volt without the aid of light. It was thought that perhaps 
copper had been deposited on the graphite electrode during 
the time which had elapsed since the last run and that this 
might be due to the action of sunlight because the apparatus 
had been moved from a relatively dark corner to a place near 
the window. This did not seem impossible because it is known 
In this experiment no copper was deposited on the illuminated face of 
the cathode but  some copper was deposited on the  shaded back of the cathode 
on a spot where the paraffin had been knocked off accidentally. 
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that charcoal precipitates metallic silver from a silver nitrate 
solution in the dark. 
If copper, or some other depolarizer, is formed in the pores 
of the graphite anode, it ought to be possible to remove this 
unknown substance by anodic polarization of the graphite. 
In other words, a moderate current should “flush out” the 
graphite, after which no copper should be obtained a t  1.0 
volt. To test this hypothesis, the graphite was exposed to 
light for twenty minutes. The light was then turned off and 
a deposit of copper was obtained a t  0.8 1-olt. Owing to press of 
other work,no further experiments were made on this day. Two 
days later copper could be obtained a t  0.95 s-olt with no light. 
The anode was “flushed out” and then tested. At 0.9 volt 
no copper was obtained, but a slight deposit was obtained a t  
1.0 volt. The circuit was broken and the graphite anode 
exposed to light for twenty minutes. The light was cut off 
and the electrode tested a t  once. Copper was deposited at 
a voltage of 0.42 volt. The anode was flushed out and no 
copper was obtained a t  0.9 volt. 
It is thus evident that  some depolarizer is formed in or on 
the graphite slab and that this depolarizer can be removed by 
electrolysis. Experiments were now made to determine whether 
light was essential to this reaction. It was found that  similar 
results could be obtained in the dark, provided the graphite 
was left long enough in the solution. Light is therefore not 
necessary to this reaction although i t  accelerates it. 
In none of the experiments made as yet, has the decomposi- 
tion voltage gone below 0.4 volt, which would rather imply 
that metallic copper is not formed. It is more probable that  
a reduction takes place to a cuprous salt. This should be 
tested with charcoal rather than with graphite, so as to get 
the maximum effect. It has not been possible to do this as 
yet. 
Since the graphite anode introduced these special \-aria- 
tions, a few experiments were made with platinum anode and 
cathode. 
The data are given in Table IV. 
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TABLE 11- 
Surface of elec- 
trodes = I sq. inch. Distance between electrodes = 2 75 
inches. 
Copper sulphate solution ~ platinum electrodes. 
Time of run = I j minutes 
Volts  Dcposit 1,ight i . < l l  t i Dcpoiit Light 
I .  42 Yes s 0 I 36 \'e s s 0 
I .40 Yes NO 1 38 NO C 
I 38 Y e s  s 0 I .38 Slight C 
I .36 Yes S O  I 38 Slight C 
1 .34  Yes S o  I I 32 A- 0 -1 
I . 3 2  N 0 NO I .32 A- 0 .I 
I .36 NO C 1.34 Yes -1 
From Table IV we see that copper is deposited in the dark 
a t  a minimum voltage of 1.34 volt. Illuminating the plati- 
num anode has no measurable effect, while illuminating the 
cathode increases the necessary minimum voltage to I .38 \-olt. 
This result was tested qualitatively in different ways. On 
removing the paraffin from the back of the cathode and regu- 
lating the voltage suitably, i t  was possible to make copper 
precipitate on the shaded back of the cathode and not on the 
illuminated front, the difference in IToltage more than com- 
pensating for the extra drop of potential through the solution. 
In another set of experiments, the back of the platinum 
cathode was paraffined as before and one-half the front was 
shaded. Copper was deposited on the shaded portion and not 
on the half exposed to light. The screen was then moved 
so as to reverse the illumination, whereupon copper dissolved 
from the portion which had been shaded and was now exposed 
to light, while copper precipitated on the other half of the 
cathode which was now shaded. These experiments seem 
to eliminate any possibility of the effect being due to heating 
or anything of that sort. 
Since a copper sulphate solution absorbs a good deal of light, 
the light which is absorbed must make the solution less stable 
and should therefore decrease the decomposition voltage. 
1 An accidental case of this  sort was givcn in Table 111. 
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This was the result which these experiments were expected 
to show. As a matter of fact, the reverse is true, so some fac- 
tor has been overlooked in the deduction. The forgotten iac- 
tor is evidently the electrode. It is only the solution in im- 
mediate contact with the electrode which counts, so far as the 
electromotive force is concerned. In  these experiments. both 
the solution and the platinum electrode are exposed to light. 
The light causes the solution to become less stable and con- 
sequently decreases the decomposition voltage. The light also 
causes the precipitated copper to be less stable and conse- 
quently increases the decomposition voltage. ]That we meas- 
ure is the difference between these two. Since the light, which 
is effective in tending to decompose the solution, is most in- 
tense close to the lamp and least intense a t  the electrode. the 
conditions are ideally bad for getting a maximum effect with 
the solution. Since copper absorbs light more completely 
than the solution, the chances are in favor of the effect of 
light on copper being greater than the effect of light on the 
solution. It is probable that  one could vary these relatiye 
effects by- using suitable monochromatic light and i t  is also 
possible that  the mercury lamp is not the best source of light 
for these particular experiments. I t  was used because it n-as 
the one available source of light which could be placed easily 
in the solution between the electrodes. 
One experiment mas tried with a graphite anode and a 
platinum cathode, using an electric arc so placed that  the light 
was nearly parallel to the surface of the electrodes, the idea 
being that  the light would only graze the surface of the elec- 
trode and that  consequently one would get the maximum 
effect due to the solution and the minimum effect due to the 
electrode. This experiment seemed to give a slight positive 
result, some copper being obtained a t  I .o \-olt. It is a question 
whether this was a real effect of light or whether i t  was due 
to the graphite anode. The experiment would have to be re- 
peated a number of times with platinum electrodes before I 
should be willing to be positix-e as to the results. 
The fact that  what one usually measures is the difference 
of the effect of light on the solution and on the electrode, ma!- 
perhaps account for the surprisingly small electromotil e 
forces obserl-ed by others in special cases 
The general results of this paper are 
I The decomposition voltage of a copper sulphate solution 
between platinum electrodes is not affected appreciably when 
the anode is illuminated by a mercury lamp 
2 The decomposition \-oltage of a copper sulphate solution 
between platinum electrodes is increased when the cathode 
is illuminated by a mercury vapor lamp 
The light teiids to make the solution and the deposited 
copper less stable The latter effect is the greater under the 
conditions of the experiment 
4 It is possible to regulate the \-oltage so as to make copper 
precipitate on the shaded portion of the platinum cathode 
and not on the illuminated portion 
j Graphite adsorbs something from a copper sulphate 
solution, presumably a cuprous salt, which acts as an anodic 
depolarizer and can be removed by electrolytic oxidation 
The reaction is accelerated by light 
6 Owing to this adsorption the decomposition voltage for 
a copper sulphate solution with a graphite anode and a plati- 
num cathode can be brought down temporarily to about o 4 
volt 
This work was suggested by Professor Bancroft and has been 
carried on under his supervision 
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